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GENETIC CORRELATIONS AMONG SEX-LIMITED TRAITS
Abstract

MICHAEL D. MACNEIL
Monte Carlo simulation techniques were userl to assess the merits
of three methods for calculation of the genetic correlation when
traits have been measured on half-sibs of each sex.

The rP.stricterl

maximum likelihood, path coefficient and covariance co~ponent
estimators did not differ significantly in their accuracy.

Path coef-

ficient and covariance component methodologies gave nearly unhiaserl
estimators for traits of high heritability. Across hath levels of
heritability, the restricte<l maximum likelihood ~ethodolo~y resulteo
in genetic correlations beinq estimated with siqnificantly smaller
sampling variance than the other methods.
Genetit correlations were estimated for aoe at puberty, wei9ht at
puberty, conceptions per service, gestation lPngth, calving difficulty,
progeny birth weight, progeny prew~anin9 ~aily gain ~nrl mature wei~ht
measured on females, with postweaning daily gain, carcas~ weiqht, fat
trim weight, and retail prorluct weiqht measured on male half-sibs.
Correlations of the female traits wit~ postweaning caily qain, carcass
weight, and retail product weiqht generally were similar to each other.
Correlations of fat trim weiqht with the female traits were similar in
magnitude and opposite in sign to the correlations of postweaninq daily
gain, carcass weight, and retail prorluct weight with the female traits.
Predicted correlated responses to one phenotypic standard deviation of
selection for increased postweaning daily gain were increaserl age at

puberty 3.39 days, weight at puherty 1.02 kg, dam's pro~eny birth
weight .SO kg and mature weight 1.45 kq and reduced q station lenqth
.20 days and the frequency of calvin~ difficulty .07 percent.

The

estimated genetic correlations of postweaning ~aily gain of the dam's
steer half-sibs with conceptions per service anrl da~•s progeny
preweaninq daily gain had ahsolute values greater than one and were
positive and negative, respectively.

Predicted correlated responses

to one phenotypic standard deviation of selection for reduced fat trim
weight at a constant age were increased age at puberty 7.22 days,
weight at puherty 5.29 kg, gestation length .17 days, the frequency of
calvinq difficulty .05 percent, birth weiqht .12 ko an<1 maturP. weiqht
.22 kg and decreased conceptions per service .01 units.

The estimated

genetic correlation of age constant fat trim wei~ht. with dam's progeny
preweaning daily gain was less than neqative one •

..
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GENETIC CORRELATIONS AMONG SEX-LIMITED TRAITS
T

PREFACE

Monte Carlo Simulation
Monte Carlo simulation provides a powerful experimental technique
for many complex problems.

Use of appropriate models may be the only

feasible method for extracting characteristic parameters from experimental data {Macey and Wadzinski, 1974).

The papers of Van Vleck and

Henderson (1961) and Harris (1964) are early applications of this technique to the study of sampling variance of estimated genetic correlations and additive genetic change in merit under index selection,
respectively.

The flexibility of the simulation method makes it appli-

cable to a wide variety of experimental objectives.
Bard (1974) has presented a concise summary of the procedures for
conduct of a rt>nte Carlo simulation experiment.
1.

These are:

Define the system by setting out the model and probability
distributions for random effects.

Assign "true" values to the

parameters.
2.

Assign "true" values to the fixed effects.

3.

Draw sets of random effects from their preassigned probability
distributions.

4.

Combine, as specified by the model, the random and fixed
effects ·to form the data.

5.

Estimate from the data the preassigned parameters of interest.

6.

Replicate the experiment with new sets of random effects.

Definition of the system requires knowledge of the underlying
biology.

This experience in itself is useful in that it points out
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areas where additional information is needed (Baker and Curry, 1976).
However, failure to adequately describe the biology in the model
results in an ineffective model.
Frequently, pseudorandom numbers uniformly distributed in the
interval zero to one are subject to suitable transformations to the
desired distributions for the random effects.

Procedures for genera-

tion of the uniformly distributed random numbers and their transformation to other standard distributions (e.g., nonnal or poisson) are
available as subroutines in a package of scientific subroutines at many

computer installations.

The method of Smith and Hocking (1972) was

employed to achieve a multivariate normally distributed vector of sire
breeding values for correlated traits.

The sire breeding value

variance-covariance matrix (V) was decomposed into an upper triangular
matrix T such that T'T

=

V.

The product of a vector of independent

normally distributed pseudorandom numbers each from a distribution with
mean zero and variance one and T yields sire breeding values for the
ith sire.
Genetic Correlations
The study reported herein had as an initial objective estimation
of genetic correlations between productivity related traits of beef
females and growth and body composition traits measured on steer
half-sibs.

Beef cattle breed evaluation studies, reviewed by ·cundiff

(1983) had led to speculation that interbreed correlations of female
productivity related traits with some component traits of carcass value
might be antagonistic.

No

results have been found which document the

sign or magnitude of the within breed genetic correlations among
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these traits.
One hindrance to estimation of genetic correlations among sexlimited traits has been the lack of suitable easily applied statistical
techniques.

The method of path coefficients (Wright, 1934) can be

applied to estimate the correlation among unknown sire breeding values
from the correlation among progeny average phenotypes.
putations required are described in Chapter II.

The com-

The properties of this

estimator for the genetic correlation are unknown and not easily
derived.
Wiggins et al. (1980) proposed the covariance among sire progeny
solutions obtained by ordinary least squares as an invariant and
unbiased estimator for the sire component of covariance.

It seemed

reasonable that the ratio of this covariance estimator to the product
of unbiased estimators for between sire standard deviations might
estimate the genetic correlation.

The properties of this estimator of

the genetic correlation are also unknown (Quass, personal
co11111unication).

However, this estimator is unweighted with respect to

the number of progeny from each sire as is the path coefficient
estimator.

Optimal weights which might logically be some function of

progeny numbers are

also unknown {Wiggins et al. 1980).

Complex mixed roodel methodology has been developed {Schaeffer et
al. 1978) for estimation of genetic correlations among pairs of traits
when the error covariance component can logically be assumed zero
{REML).

Perhaps due to its complexity, the REML method has had only

limited application.

REML estimation requires an iterative procedure.

Each round of iteration consists of approximately the same amount of

4
calculation as is necessary to derive estimators for the genetic
correlation under either of the two previously discussed methods.

In

addition, no easily adapted computer program exists with which the nonprogrammer can implement REML estimation.

REML estimates are known to

be biased, otherwise, their properties also are unknown.
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GENETIC CORRELATIONS AMONG SEX-LIMITED TRAITS
II. EVALUATION CF ESTIMATION PROCEDURES
INTRODUCTION
Multiple trait evaluation of individuals for overall merit has
been used since Hazel (1943) described selection index methodoloqy.
Henderson and Quass (1976) have since extended the theory to obtain
best linear unbiased predictors of merit.
logies is knowled~e of genetic correlations

Inherent in these methodoamong the various traits.

Genetic correlations are typically derived from appropriate combinations of between family variance and covariance components.

When

the same linear model is applicable to both members of a pair of
traits, and both traits have been measured on the same individuals,
the covariance component can be estimated from an analysis of the sums
or crossproducts of the traits of interest (Dickerson, 1969; Kempthorne,
1969).

However, in some circumstances, the sums or crossproducts do not

exist or the same linear model may not be applicable to both traits. The
lack of appropriate sums or crossprorlucts and unrealistic linear morlels

are problematic to the estimation of genetic correlations (Freeman, 1979)
It was the objective of this study to compare procedures for
estimation of genetic correlations when both traits have not been
measured on the same individuals.
variance were investigated.

The issues of .bias and sampling

The anticipated inference soace for the

results of this study was to designed animal breeding studies of omniparous species, rather than to studies of large survey type rlata bases
or multiparous species.
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MATERIALS AND METHODS
Monte Caro simulation procedures were used to compare methods for
estimation of genetic correlations.

Replicated independent sets of

data were generated for the mixed model : y = X(] + Zu + e •
Three traits (t1, t2 and t3) were considered.
to each trait: ;.1,

=

apply to t2; and~.

10, p,
=

-20,

=

Fixed effects (jJ) apply

-3 and~,= -7 apply to t1;

/J, =

/J,, =

0 and /-3, = 20 apply to t3.

-7 and~,

=

7

The variance-

covariance structure among sire breeding values for the three traits
2.500

was:

2.449

0.866

3.750

2.652

symmetric
and sires (u) were assumed unrelated.

7.500
As sex-limited traits are of

necessity measured one trait on females and the other on males (i.e.,
separate i~dividuals) all error covariances were assumed null.

Error

(e) components of variance were established such that heritability was
theoretically constant for all traits within each replication.

The

procedures were evaluated at two levels of heritability: 0.2 and 0.5.
Each replicate set of data contained 30 sires with a random number of
progeny ranging from 6 to 24 per sire for each trait (see appendix for
computer program listing).

With a constant number of total progeny,

results of Harris (1964) indicated the optimum number of progeny per
sire would be near 20 for a heritability of .2 and near 10 for a heritability of .5.
The methods:

1) The intersire or genetic correlation can be estimated

from the results of a pair of univariate analyses of variance.
diagram adapted from Wright {1934) illustrates the biological

A path

Legend
hx

;YGx

Sx and Sy: True sire breeding values for traits
x and y, respectively.

)P~-

.

/,Px

Sx
~

-

hx

>Px

Gx
r9 I

YGy
Sy

~ Gy

Figure i.

1

hy

Py

'

Py

2

Px and Py: Progeny phenotypes for traits x anrl y,
respectively.

\

)

~/4Py
hy

Gx and Gy: Progeny genotypes for traits x and y,
respectively.

rm

ai(i=l,2): (l/(k1(l+(ki-1).~5hi))·5, where ki is
the coefficient for the sire component
of variance in the sire exp~cterl mean
square from the analysis of variance
for trait i.
hx and hy: Square roots of heritahility for traits
x and y, respectively.

Path diaqram for esti~ation of the genetic correlation (rq) from the correlation of sire
progeny means (rm).
·

CX)

Q

(1979).

The computer program used is in appendix 2.

Within each replicate, the following model was assumed for each
pair of traits.

X1·b 1• + Z·u·
1 1 + e··
lJ

=

for

i

1, 2 representing the ith trait.

=

Where:

=

the vector of

=

a vector of fixed effects appropriate to trait i, to be

j

observations on the ith trait;

estimated
Ui

=

a vector of random simulated sire effects with mean zero

tJ=

and variance

15

*

g, where

* denotes the direct product matrix operation (Searle,
1970), Is is an identity matrix of order equal the number
of sires {s) and g is the sire variance-covariance matrix

r1:, o.:-J
l<r.1 ~,J ·,

Xi and Z;

=

design matrices corresponding with the b; and Ui,
respectively; and

eij

an uno~servahle random error, uncorrelated with Ui, with

=

fc;c~

mean zero and variance covariance structure

Lo

0

J

tri.J.

The multiple trait mixed model equations for the model can he
written explicitly as:

,

a, X,' X.

<j

'& ~: x£

,

•. x. z.

(I

I

(jJ

Where

,I

¢
'
t. L . l • • 1"I )

~,. X 1' Z,..

•1x

,,. "1.Z~

...
I

~

,I <ti~

'

, and

[9"!''"

.,I
'J s

"''>,.
"'

--~z:zz. •, .r~ "'"·

:n' J -

r,

cr,'L

r. Y. ~.

b,

~.r

11

j

I

-'\

t.lC:l,

~1,1.

IA

=

-.~:~,

r,z: ~.
I

v~z.&. ~
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An explicit inverse to the coefficient matrix is not required as the
equations can be solved by iteration.

Initial values for the sire

variances and covariances and error variances are given in table 1.
I'

A

After obtaining the solutions to band u, the following quantities
were calculated.
( i)

I'

A

UiUj

=

the sums of squares and cross prorlucts of the sire
solutions;

(ii) dij

= trace

(tr) of Dij, where Di; are partitions of D =
"
~. .'z • ~ ~.. I ,.
9 •EJ s
,
&z..r..s
1•z. I ~
~.4.Z2Zz•!I

[

Z

J-1

The matrix D can be rearranqerl with elementary ooerators (Searle,
1966) into a hlock diagonal matrix of order two.

Its inverse

can then be obtained from the inverses of s 2 x 2 matrices;
"•,.
(iii) I' ei = (Y;j-X;b;-Ziui)'(Yij-Xibi-Ziui)+tr(ZiZiD;;)/(n;-f;)

where f; is the rank of X;Xi;

o" lJ•. =
The <Tei and~ ij

and

(iv)

of iteration.
traits.

then serve to derive l'i and gij to begin another round
Ten cycles of iteration were used for each pair of

At ten cycles of iteration changes between successive cycles

in estimated variance and covariance components were always less than
.03 percent.

To increase the rate of convergence of sire variance and

covariance component estimates, .8 times the difference between sire
components in successive rounds of iteration was adrled _to the estimated
sire components

A
[

CS".. (-t• •)

A

A

-:.

«r,,(-t••)

+

A

.. 8{<r.,{t: ••) - tr11 (t.)}]_

The estimated variance and covariance components when they converqe
are restricted maximum likelihood (REML) estimates.
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Table 1.

Initial values input to the REML procedure for parameters
to be estimated.
Variancesl

Source
Sire
Error

2.5

3.8

17.5(47.5) 26.6(72.2)

Covariances
7.5
52.5(142.5)

0

0

0

*

*

*

* assumed zero
1 error variances are for heritability equal .5 and in parenthesis
heritability equal .2
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Analysis of data:
The genetic correlations estimated by each of the methods were analyzed separately.

Preliminary analyses tested the hypotheses of inter-

cepts equal zero.

The results of these analyses failed to provide evi-

dence for rejection of the hypothesis.

Therefore, within each replica-

tion the linear regression of the estimated genetic correlation on the
correlation among sire breeding values was computed with forced zero
intercept.

-

bi

=

For each method, the hypothesis of no bias was tested as

-

1.0, where bi was the average regression coefficient for the ith

method.

The pooled within replicate prediction error variance was also

calculated and the method with the smallest prediction error variance
was considered most precise.

RESULTS AND DISCUSSION
Descriptive statistics from the analyses of the estimated correlations are presented in table 2.

For methods to be judged unbiased

the regression of predicted correlation on the actual underlying correlation of simulated breeding values has the expected value one.

Com-

parisons of residual mean squares facilitates judgement of relative precision of the methods evaluated.

The ratio of pairs of mean squares is

distributed as F, with 19 degrees of freedom for numerator and denominator (

= .10, F = 1.82).

All three methods evaluated appear to underestimate the true
correlations among sire breeding values, to about the same degree.
Further inspection of the data indicated the path coefficient and
covariance component methods were nearly unbiased when heritability
was high, while the REML method underestimated the actual correlations.

13

Table 2.

Descriptive statistics for three methods of estimating genetic correlations.

Method

Regression of prerlicted
on actual

Resirlual mean square

Path coefficient

.476 + .034

.214

Covariance component

.504 + .032

.187

REML

.442 + .010

.018

SOUTH DAKOTA STATE UNl VERS!TY -!~P,. RY
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However, with low heritability the path coefficient and covariance

component methods frequently yielded estimated correlatio s outside the
theoretical range for correlation coefficients (10 of 15 and 7 of 15
estimates for the path coefficient and covariance component methods,

respectively).

Correlations estimated by the REML methodology are

constrained to the interval -1.0 to +1.0 (Schaeffer, 1979).
Correlations among simulated sire breeding values ranged from -.06 to
.85.

Estimated genetic correlations ranged from: -.33 to 2.25 for the

path coefficient method, -.34 to 2.12 for the covariance component
method, and -.19 to .60 for the restricted maximum likelihood method.
In view of the Monte Carlo simulation work of Harris {1964), estimates
outside the theoretical range were not wholly unanticipated.

Calo et

al. (1973) have essentially employed the adjustments to the productmoment correlation of sire progeny means indicated by the path diagram
to weight, gain and milk production records with satisfactory results.
Schaeffer et al. {1978) alluded to the necessity of a large number of
observations necessary to obtain reasonable estimates of the genetic
correlation via the restricted maximum likelihood methodology.

It

might be expected that with a larger volume of data the regression of
predicted correlation on actual correlation would approach one, as
Rothschild et al.

(1979) found maximum likelihood estimators unbiased

in samples of 100 simulated sires with 50 daughters each.

As for the

path coefficient and covariance component methods, correlations estimated by the REML procedure were more accurate at the higher level of
heritability than at the lower level of heritability.
The REML procedure had greater (P<.05) precision than either the

15
path coefficient or covariance component methods, which were similar
(P>.10) in precision.

Henderson and Quaas (1977) have previously

found correlations estimated by maximum likelihood methodology more
precise than estimated correlations from the same data when method
three (Henderson, 1953) techniques were used.

Although the connection

is somewhat tenuous, the results of Henderson and Quass (1977) might
lead to the expectation of improved precision from the REML method of
estimation.
SUMMARY
Monte Carlo simulation techniques were used to assess the merits
of three methods for calculation of the genetic correlation when
traits have been measured on half-sibs of each sex.

Simulated sets of

data approximately comparable to small designed animal breeding studies were used.

The restricted maximum likelihood, path coefficient

and covariance component estimators did not differ significantly in
their accuracy.

For traits of high heritability path coefficient and

covariance component methodologies gave nearly unbiased estimators.
However, the path coefficient and covariance component methodologies
were not practical for traits of low heritability as the estimated
genetic correlations frequently fell outside their theoretical range.
The restricted maximum likelihood methodology resulted in the genetic
correlations being estimated . with significantly smaller sampling
variance relative to the other methods. No genetic correlations outside
the interval -1 to +1 were estimated by the restricted maximum likelihood procedure.
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GENETIC CORRELATIONS AMONG SEX-LIMITED TRAITS
III.

EXPERIMENTAL RESULTS IN BEEF CATTLE
I NTROOUCTI ON

Knowledge of genetic correlations serves two purposes, mul tip1 e
trait evaluation of individuals (Hazel, 1Q43; Henderson and Quass,
1976) and prediction of correlated responses to selection (Falconer,
1960).

Correlations among components of merit modify the optimum

weighting of components and the overall effectiveness of selection for
merit (Dickerson, 1976). · The importance of these

correlations in

understanding the effects of selection has been well documented (Bell,
1974; Roberts, 1979).

For many of the pairs of economically important growth and carcass characteristics, which can be measured on the same individuals,
reasonable estimates of the genetic correlations exist (reviewed by:
Preston and Willis, 1974; Woldehawariat et al. 1977).

However, there

is a paucity of esti~ates for characteristics which must he measured
one trait on females and the other on males.

This lack of information

hinders the effective choice of selection objectives (Dickerson, 1976,
Niebel and Vanvleck, 1982).
The objective of this study was to estimate from experimental
data the genetic correlations between productivity related traits of
beef females anrl composition related traits of their steer paternal
half sibs.

Discussion of the results focuses on genetic consequences

of mass selection in each sex on characters of the opposite sex.
Materials and Methods
This study includes data on calves born at the Roman L. Hruska
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U.S. Meat Animal Research Center during 1970, 1971 and 1972.
Straighthred Hereford and Angus cows were mated to either

Herefor ➔ ,

Angus, Jersey, South Devon, Limousin, Charolais or Sinwnental sires to
calve in the spring of each year.

The s-i res of each breed were

thouqht to be random samples of the respective breeds.
were maintained continuously on inproved pastures and
mental silage and/or hay as conditions warranted.

All cows
ferl

supple-

Steer calves were

castrated within 24 hours of birth and all calves had access to creep
feed from mid-July until weaning in late October at approximately 215
days of age.

Smith et al. (1976a) have characterized the preweaning

performance of these breed types and reported in more detail their
preweaning management.
After weaning, heifers were stratified by breed group and within
strata randomly assigned to one of five feedlot pens.

While in the

feedlot, heifers were fed ad libitum a ration of approximately 50%
corn silage and 50% grass haylage with supplemental protein and
minerals to meet N.R.C. (1963) requirements.

Heifers were ohserved

for activity characteristic of estrus twice daily from approximately
250 to 510 days of age, except in 1971 when estrus detection ceased at
about 480 days of age.

A breeding season of approximately 70 days

duration was cofll"lenced when the average age of all heifers was 430
days.

During the first 2/3 of the breeding season, all heifers were

artificially inseminated with semen from Hereford, Anqus, Devon,
Holstein or Brahman bulls.

In the latter 1/3 of the breeding season,

natural service sires of these same breeds were used.

Additional

details regarding the management of these heifers were reported
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previously (Laster et al. 1976; Notter et al. 1978).
Age at puberty .was defined as the age of first observed standinq
estrus.

Weight at puberty was calculated as the sum of weaning weight

and postweaning average daily gain times the numher of days from
weaning to observed estrus.
in estrus.

Some individuals were not observed to be

For those heifers whose mating was to an artificial inse-

mination sire, the exact date of service is known, as is her calving
date.

If the interval between service and calving was 285 .!_ 10 days,

it was assumed the heifer conceived to that service.

The interval

from each recorded breeding date to calving was calculated and the
length of the interval nearest 285 days was taken as gestation leng~h.
At calving, the ~ifficulty of birth was classified as eitner not difficult (unobserved, no difficulty or minor manual assistance) or difficult (assistance with calf puller or surgery).

Calvinq difficulty

scores for heifers with abnormally presented calves were not used in
this study.

All calves were weighed within 12 hours of birth and

again at weaning.

Daily gain was calculated as weaning weight minus

birth weiqht divided by weaning age.

As a routine manageMent

procedure, all females were weighed four times annually.

These

weights have been taken at brand clipping (approximately 60 days prior
to calving), at the beginninq and end of ~reeding (60 to 90 days and
100 to 140 days after calving, respectively) and at weaning
(approximately 200 days after calving).

Mature weight was calculaterl

as the average of these four weights taken when each female was seven
years old.
The postweaning management of steer calves was different than
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thlt of their heifer half-sibs.

After a 25- to 30-day adaptation

period, steers were implanted with 3f mg diethylstilbestrol and
assigned to feedlot pens by sire breed groups.

1tb1tum in fence line bunks for each pen.

Steers were fed ad

The ration fed was changed

periodically as the steers matured such that the energy density of the
ration increased from approximately 2.61 megacalories of metabolizable
energy after weaning to about 2.86 megacalories of metabolizable
energy prior to slaughter.

Details of the feeding regimen have been

presented by Smith et al {1976b).

Steers were stratified by age and

breed and within strata randomly assigned to one of three slaughter
groups at approximately monthly intervals.

The initial slaughter

group was killed after 190 days on feed in 1971, 169 days in 1972 and

194 days in 1973.

Prior to slaughter steers were fasted 12 hours,

transported to a commercial slaughter plant and slaughtered the next
IIOrning.

The right side of each carcass was transported to Kansas

State University.

Carcass sides were cut into wholesale cuts with not

IIOre than 8 mm external fat.

The lean trim from the wholesale cuts was

then trimmed to contain approximately 25% fat and retail cuts were
fabricated.

Details of the cutting procedures have been presented

Previously (Koch et al. 1976).
Postweaning daily gain was calculated for each steer as the
regression of weight on age.

Only those weights taken prior to the

slaughter of the initial kill group each year were used.

Retail pro-

duct weight was the sum of lean trim and retail cut weights.

Fat trim

Was the sum of external fat from the wholesale cuts, add i tional fat
trimmed from wholesale cuts to achieve 25% fat in the lean trim and the

20

kidney, heart and pelvic fat (kidney included).
Previous analyses of these data have suggested that interactions
of various other main effects with breed of sire are important (Koch et
al. 1976; Laster et al. 1976) and for some traits the intra-sire-breed
variances are not homogeneous (Koch et al. 1982).

Separate analyses of

each sire breed does not negate the interactions of sire breed and
other effects.

However, the same amount of infonnation that would be

available to estimate interaction effects in a pooled analyses is used
to estimate the component main effects within each sire breed.
Therefore, to avoid transfonnation of the data, it was rlecided to conduct separate analyses for each sire breed.

For each sire breed and

trait, an initial model that included all main effects thouqht to
possibly affect that trait and the two factor interactions of main
eff~cts was fitted after the sire effects had been absorbed.

Two fac-

tor interaction terms were deleted one at a time (least significant
first) if they did not approach significance (P>.20).

Main effects

were likewise deleted if they were not a term in any two-factor
interaction that remained in the model and did not approach
significance.

Occasionally a source of variation was omitted from the

model for a particular trait if it approacherl significance in one sire
breed btJt was unimportant in the others.

The full models for each

trait and the final models for each breed of sire and trait are inrlicated in tables 3 and 4, respectively.
In the final models, sires were treated as an additional fixed
effect and a least squares means was estimated for each sire.
between and within sire components of variance (~:and~.:_,

The

TABLE 3.

FIXED MAIN EFFECTS AND COVARIATES INCLUDED HJ INITIAL ANALYSES

(F

VARIANCE MOOELS.1

Male Traits3

Female Traits2
Source of variation

-AP

-WP

-cs

-GL

-co

BW

MG

MW

DG

-

-cw

Year
Breed of dam
Age of dam
Breed of service sire
Calf sex
b1 (initial age)
b2 ( '1ays fed)

X
X
X

X

X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X

X
X
X

X

X
X

-FT

-RP

X
X
X

X

X

X

X

X

X

X
X

X
X

X
X

1 All possible two factor interactions among main effects included in the model for each trait

were also included in the initial models.
2 AP= Age at puberty (days); WP= Weight at puberty (kg); CS= Conception per service; GL =
Gestation length (days); CD= Calving difficulty (0 = unassisted, 1 = assisterl)~ BW = Birth
weight (kg); MG= Preweaning daily gain of progeny (kg); MW= Average of four weights taken
at seven years of age (kg).
3 DG = Postweaninq daily gain (kg); CW= Carcass wei~ht (kq); FT= Fat trim from 1/2 carcass
(kg); RP= P.etail product from 1/2 carcass containing 25% fat (kq).

N
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TABLE 4.

REDUCED ANALYSIS OF VARIANCE MODELS
Male traits2

Female trai tsl
Source of variation

-AP

-WP

-cs

-GL

-CD

-BW

-MG

-MW

-DG -cw

FT

RP

Year (Y)
Breed of dam (B)
Age of dam (A)
Breed of service
sire (S)
Sex (X)

X
X

X
X
X

X

X

X
X

X
X

X
X

X

X
X
X

X
X

X

X
X
X

X

X

X
X
X

X

X

X

X

X

y
y

X

X

X

X

X

*A
*B
y* s
B* A
B* S
S* X

(initial age)
b2 ( days fed)

b1

X

X

X

X

X

X
X

X
X
X

X

X

X

X

X

X

1 AP= Age at puberty (days); WP= Weight at puberty (kg); CS= Conception per service, uL =
Gestation length (days); CO= Calving difficulty (0 = unassisted, 1 assisted); BW = Birth
weight (kg); MG = Preweaning daily gain of progeny (kg); MW = Averge of four wei qhts taken at
seven years of age (kg).
2 DG = Postweaning daily gain (kg); CW= Carcass weiqht (kg); FT= Fat trim froo, 1/2 carcass (kg);
RP= Retail product from 1/2 carcass containing 25 % fat (kg).

N
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respectively) were also estimated in the final models with the direct
procedure of Harvey (1970).

Heritability was then estimated as:

"+~.,.I (a,1, • a-; L

The heritability of calving difficulty was adjusted to the normal
basis with the correction derived by Robertson and Lerner (1949).
Subsequent examination of the procedure by Vanvleck (1972) and
0lausson and Ronningen (1975) have demonstrated the procedure's
utility, particularly when the incidence level is intennediate.

The

correlations of sire progeny means of male traits with calving difficulty were subject to adjustment to a multivariate normal basis
using the multiplicative correction developed by 0lausson and
Ronningen (1975).

Genetic correlations (rg) among male and

female traits were estimated by the method of path coefficients.
path diagram used is presented in figure 1.

The

The correlation of sire

prog~ny means was estimated separately for each breed of sire and these
correlations were pooled by the procedure originally described by
Fisher (1921).
The age constant correlated response (CRa) in y to selection for
x was predicted from:

(Falconer, 1960).
Symbols used in the previous equation are defined as follows:
i

selection differential in x in standard deviation units,

=

hx and hy
rg

=

=

square roots of heritab_ilities of traits x and y,

genetic correlation of x and y, and

ay = phenotypic standard deviation of y.

Slaughter weight could be held constant in each selected generation through manipulation of the days fed to compensate for the
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correlated response to selection of carcass weight.

Therefore, the

weight constc- !t correlated responses (CRw) in fat trim and retail
product weights to selection for female reproduction and productivity
traits were predicted from:
CRw = CRa - (by/bw)CRaw

(Koch et al., 1982).

Symbols used in this equation and not previously defined are:
by/bw

ratio of partial regression coefficients of trait y (fat

=

trim or retail product) and one-half carcass weight on
days fed, and
CRaw

=

age constant correlated response in one-half carcass
weight to selection for x.
RESULTS AND DISCUSSION

Data used in this study previously were used to evaluate individual and maternal breed direct effects (Koch et al. 1976; Laster et
al. 1976; Smith et al. 1976a,b; Notter et al. 1978).

Means and stan-

dard deviations for the traits studied are presented in table 5 for
each sire breed.

In general, the agreement between this study and

those cited previously is quite good.

Discrepancies between these

results and those presented previously can be explained by differences
in the models used to analyze the data and some additional editing of
the data which occurred between this study and those conducted
previously.

The results of this study were not intended as a breed

evaluation and the previously cited papers should be referred to in
that regard.
Heritability
The average levels of heritability and effective numbers of

TABLE 5.

SIRE BREED GROUP MEANS (X) AND PHENOTYPIC STANDARD DEVIATIONS (S) FOR MALE AND FEMALE
TRAITS. 1
Sire Breed2

Traits3
AP
WP

,J

326.(49.1)
237.(22.5)
.633(.349)
280.(5.85)
.106 (. 321)
27.9(3.51)
• 728 ( .130)
454.(43.~)

366.(49.2)
28R.(36.0)
.587 ( .379)
284. ( 5. 37)
.505 ( .453)
34.2(4.38)
.642 ( .238)
548.(56.3)

381. ( 46 .R)
299. ( 28. 8)
.638 (.399)
284.(7.19)
• 371 ( .421)
32.4(4.47)
• 722 ( .179)
559. ( 43. 3)

382. ( 40. 0)
295.(26.4)
• 511 (. 390)
284. ( 7. 24)
• 3()6 ( .404)
31.5(3.75)
.570( .237)
553. ( 42. 5)

411.(39.3)
322.(31.8)

1.04( .109)
275.(14.8)
31. 1(4.A4)
84. 7 (5 .47)

1.14 ( .126)
297. (16. 6)
28.4(6.34)
gs .1(8. sa)

1. 20 ( .155)
312. (17. 7)
24.3(~.12)
103.4(7.83)

1.04{ .117)
292. (16 .6)
?.2.2(5.61)
102.1(6.74)

1. 20 ( .126)
320.(17.3)
25.0(5.34)
109.9(7.04)

.594(.494)

BW
MG
MW

30.0(3.86)
.~82( .220)
523.(49.2)

DG

1.07(.127)
285. (16. 9)
29.5(5.69)
-90.0(6.05)

1. 11 { .114)
285. (16. 7)
31. 1 ( 5 .80)
89.6(6.20)

cw

FT
RP

I

- C

383.(47.5)
273.(29.9)
.359(.335)
284.(4.18)

CD

cs

L

A

372.(45.5)
276.(28.1)
.301( .285)
283.(6.09)
.412 ( .444)
30.8(3.53)
.617(.203)
530. ( 40 .8)

GL

s

H

D

.555(.392)
284. ( 5. 04)
.350{ .457)
34. 3 ( 4. 01)
.626 ( .160)
589. ( 56. 5)

1 Table entries are X (S).
2 H = Hereford; A= Angus; J

=

Jersey; D = South Devon; S = SiJll!lental; L = Limousin; C = Charolais.

3 Female traits: AP= Age at puberty (days); WP= Weight at puherty (kg); CS= Conception - . ~r
service; GL = Gestation length (days); CD= Calvinq difficulty (0 = unassisted, 1 = assisted) BW
= Birth weight (kg); MG= Preweaning daily gain of progeny (kg); MW= Average of four weights
taken at 7 years of age (k9). Male traits: DG = Postweaning daily gain (kq); CW= Carcass weight
(kg); FT= Fat trim from 1/2 carcass (kg); RP= Retail product containinq 25 % fat from 1/2 carcass (kg).
N
t1'I
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progeny for the traits studied are presented in table 6.
for this work resulted from an experiment which had

As the data

~e primary ohject-

ive of breed evaluation, the data set structure was not optimUJ11 for
estimation of sire variance and covariance components.

Robertson

(1959) has stated the optimum family size for estimation of heritahility from half-sib families is four times the reciprocal of
heritability.

The number of progeny per sire in these data is small

relative to the optimum.

Therefore, sampling variances of estimated

genetic statistics would be expected to be large relative to estimates
from a population with the same total number of individuals in fewer
families with more members each.
Heritability estimates for age and weight at first observed
estrus (puberty) estimated from these data (.61 and .70, respectively)
ar e somewhat higher than other estimates previously reported (averaqe:
.31 and .64, respectively) (Arije and Wiltbank, 1971; Smith et al.
1976c; Laster et al.

1979).

A portion of this difference might be

explained by the reduction of preliminary morlels with a resultant
decrease in the residual component of variance.

Other authors have

tended to utilize unreduced models in the estimation of heritability.
Fertility, whether measured as calving rate, conception per service or services per conception, has been found to he lowly heritable.
Lindley et al.

(1958) and Milagres et al. (1979) found the heritabi-

lity of services per conception to be .00 and . 64 , respectively.
Dearborn et al. (1973) examined reproduction and fitness traits, and
heritability estimates for concP.ption on first service (.22), conceptions per estrus cycle exposed (.27) and oregnancy rate at the end of
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TABLE 6.

Trai tl

AVERAGE HERITABILITIES (h2), EFFECTIVE WJMBERS CF PROGENY
PER SIRE ( k) , SIRE ANO RESIDUAL OEGREES OF FREE EDOM ( df s A~[)
df, RESPECTIVELY) AND WITHIN SIRE CCJJIPONENTS CF VARIANCE.

df 5

k

df

cC

h2

AP

187

4.05

613

1710.

.613;.117

WP

187

4.19

647

686.0

• 700±.114

cs

187

3.78

571

.1345

.026±.126

GL

184

2.86

376

35.28

.298±.175

CD

184

2.88

377

.1761

.217±.175

BW

184

2.87

377

14.38

.374±.174

MG

lAl

3.11

425

.0398

.094±.161

MW

180

3.30

452

1901.

.540±.150

DG

187

5.38

903

.0144

.363±.090

cw

187

5.26

875

54?..3

.441±.093

FT

187

5.26

875

26.68

.502±.oq3

RP

187

5.21

868

40.70

.451±.093

1 Female traits: AP= Age at puberty (days); WP= Weiqht at puberty
(kg); CS= Conceptions per service; GL = Gestation length (days) CD=
Calving difficulty (0 = unassisted, 1 = assisted); BW = Birth weiqht
(kg); MG= Preweaning daily gain of progeny (kq); MW= Average of four
weights taken at 7 years of age. Male traits: DG = Postweaning daily
gain (kg); CW= Carcass weight (kg); FT= Fat trim from 1/2 carcass
(kg); RP= Retail product containinq 25 % fat from 1/2 carcass (kg).
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the breeding season (.09) were reported.

In the present study, heri-

tability for conception~ per service was estimated to be .03.
Gestation length and calf birth weight have been implicated in the
incidence of dystocia and resultant calf mortality (Gravert, 1975;
Cundiff et al. 1982a).

When measured as a trait of the calf,

heritability estimates for gestation length, birth weight and incidence of dystocia have been reported as: .55, .33 and .30, respectively (Cundiff et al. 1982b).

Other estimates of heritability for

calf birth weight as a trait of the calf summarized by Woldehawariat
et al.

(1977) average approximately .4.

Estimates of heritability

for calving difficulty, also measured as a trait of the calf, average
.25 (Menissier, 1975).

Lindley et al. (1958) reported an estimated

average heritability of .08 for gestation length.

In the present

study, gestation length, calf birth weight, and calving difficulty
were treated as traits of the dam.

Heritability estimates were .30,

.37 and .22 for gestation length, calf birth weight, and calving
difficulty, respectively.

Some previous studies (Everett and Magee,

1965; Brown and Galvez, 1969) have found direct and maternal effects
on birth weight to be at least moderately heritable.

In contrast,

Burfening et al. (1981) and Bourdon and Brinks (1982) found calving
difficulty, birth weight and gestation length to be lowly heritable
when measured as traits of the dam.

Philipsson (1976) reported heri-

tability estimates for gestation length, birth weight and calving difficulty treated both as traits of the individual and the dam.
Heritability estimates for calving difficulty essentially were equal
whether treated as a trait of the calf or its dam and averaged
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approximately .10.

Heritability estimates for birth weight and gesta-

tion length treated as traits of the calf werf ~ore than three times
larger than when treated as traits of the dam (.lQ vs
.13, respectively).

.n6

and .50 vs

The total heritability (Willham, 1963) incor-

porates the covariance of direct and maternal effects.

Typically,

total heritability has been somewhat lower due to the negative sign of
the covariance tern, (Burfening et al., 1981).

For birth weight of

Hereford and Angus calves, Brown and Galvez (1969) estimated total
heritability to be approximately .26.

From dairy cattle data, Everett

and Magee (1965) found the comparable estimate of .22.
Everett and Magee (1965) also included gestation length.

The work of
They founrl

gestation length as a trait of the dam to be lowly heritable (h2

=

and with high genetic correlation between it and birth weight (rg

.10)

=

.57).
Preweaning daily gain of the calf as a trait of the dam reflects
a maternal effect of the dam and transmitted qenetic effects for
growth.

Estimated with these data, the heritability for preweaning

gain of the calf was .09.

Heritability of preweaning gain measured as

a trait of the dam appears to be lower than either heritability of
direct effects or maternal effects on preweaning gain due to a negative covariance between the direct and Maternal effects (Koch and
Clark, 1955; Deese and Koger, 1967; Hohenboken and Brinks, 1971; Koch,
1972).

Even so, previous studies (Deese and Koqer, 1967; Hohenboken

and Brinks, 1971) suqgest the total heritability (Willham, 1q63) lies
in the range .17 to .34, somewhat higher than the estimate reported
here.

_____

,

----
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A si gni fie ant portion of the feed required by a cow can be
explained by her weight.

Therefore, a proxy for cow size may be
,,.

important in the evaluation of alternative selection objectives.
Mature weight has been one con1Tionly used measure of size.

In general,

mature weight has been found to be highly heritable (h2=.74, Brinks et
al. 1962; h2=.55, Brinks et al. 1964; h2=.28, Brown et al. 1972;
h2=.42, Smith, 1974, and Smith et al. 1976c).

The estimated heritabi-

lity of the average of four wei~hts taken at seven years of aQe was
.54 in this study.
Heritability estimates for daily gain, carcass weight, retail product weight and trimmed fat weight found in this study ( .36, .44, .45
and .50, respectively) were comparable to other literature estimates.
In a larger study from which these steers are a subsample, Koch et al.
(1982) also estimated heritability for daily gain, half carcass weiqht,
retail product weight and trimmed fat weight {.57, .43, .58 and .48,
respectively).

Earlier studies {Cundiff et al., 1971;

Dinkel and

Busch, 1973 and Koch, 1978) also confirm the intermediate to high heritability of these traits.

Therefore, selection to increase {or

decrease) any of these traits measured on steers should be effective.
Genetic Correlations
There have been few reports of genetic correlations between sexlimited traits.

The scarcity of such estimates can be attributed in

part to the lack of suitable methodology.

It was only recently

Thompson {1973) develope<i the restricted maximum likelihood {REML)
methodology, which was then extended
full maximum likelihood (ML).

by

Rothschild et al. (1979) to

Schaeffer et al.

{1978) developed from

N
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fflompson's (1973) original work REML estimators applicable to calcula-

~netic correlation between sex-limited traits.

Tong et

(1979) presented a convenient algorithm for the computations.
An adaptation of the method of path coefficients (Wright, 1934)

can be made to compute an estimate of the genetic correlation (Figure
1).

Essentially, this strategy was employed by Calo et al. (1973) to

estimate the genetic correlations between growth traits of
Holstein-Friesian bulls and milk production (kg) of half-sib cows.

Very similar applications of path coefficients have been made in the
study of genotype by environment interactions (Dickerson, 1962;
1962).
In the data used for this study, the number of progeny per sire
small (Table 6) and as a result, the variances and covariances
derived from the solutions to the REML equations were very near zero.

In chapter two, the method of path coefficients was shown to be at
least as accurate as REML in the estimation of the genetic correlation.

Therefore, the method of path coefficients was used to calculate the
genetic correlations presented herein.
Presented in table 7 are the estimated genetic correlations of
male and female traits studied.

The sampling variances of these esti-

mates are unknown, but presumed high.

The previously discussed Monte

Carlo simulation study (Chapter II) demonstrated the near unbiasedness
of estimators derived using the path coefficient methodology when
heritability of both traits was moderate to high, and the tendency to
estimate genetic correlations outside the parameter space when
heritability was low.
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TABLE 7.

ESTIMATED GENETIC CORRELATIONS BETWEEN GROWTH AND CCJi1POSITION
TRAITS MEASURED ON MALES AND REPRODUCTION AND PRODUCTIVITY
TRAITS MEASURED ON FEMALE HALF-SIBS.
Male traitsl

Female traits2

DG

cw

FT

RP

AP

.lo

.17

-.2~

.30

WP

.07

.07

-.31

.08

cs

1.33

.61

.21

.?A

GL

-.10

.03

-.07

.13

CD

-.60

-.31

-.36

-.02

BW

.34

.37

-.07

.30

MG

-1.02

-1.00

-1.25

-.26

MW

.07

.21

-.09

.25

1 Male traits: OG = Postweaning daily gain (kg); CW= Carcass weight
(kg); FT= Fat trim from 1/2 carcass (kg); RP = Retai 1 product
containing 25% fat from 1/2 carcass (kg).
2 Female traits: AP= Age at puberty (days); WP= Weiqht at puberty
(kg); CS= Conceptions per service; GL = Gestation length (days) CD=
Calving difficulty (0 = unassisted, 1 = assisterl); BW = Birth weight
(kg); MG= Preweaning daily gain of progeny (kg); MW= Averaqe of
four weights taken at 7 years of age.

33

Postweaning daily gain, carcass weight, and retail product weight
at a constant age appear to have similar genetic associations with the
complex of female reproductive and productivity traits ·studied.
Previous studies have found the genetic correlations among daily gain,
carcass weight, and retail product weight at the same age to be
positive and large (Dinkel and Busch, 1973; Koch et al. 1982).
Therefore, this result was not unexpected.

The weight of trimmed fat

from steer carcasses at a constant age appeared to have genetic associations with puberty and weight traits of females opposite those of
daily gain and retail product weight.

Dinkel and Busch (1973)

reported genetic correlations of -.81 and -.88 for fat trim weight
with postweaning daily gain and retail product weight, respectively.
The data presented by Koch et al. (1982) are seemingly less consistent
with these results.

They estimated the genetic correlation of post-

weaning daily gain and fat trim weight to be .40 and the correlation
of retail product weight and fat trim weight to be -.11.
With the exception of calving difficulty and progeny birth
weight, the other female traits show relatively little genetic correlation with postweaning daily gain.

The correlations of progeny birth

weight and calving difficulty with postweaning daily gain pose an
anomaly.

At the phenotypic level, increases in birth weight generally

have been associated with increases in calving difficulty (Bellows et
al., 1971; Notter et al., 1978; Nelson and Beavers, 1982).

Likewise,

the genetic correlation between birth weight and calving difficulty is
generally accepted as being positive (Cundiff et al. 1982b).

Yet,
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these data suggest that selection based on postweaning daily gain would
tend to increase progeny birth wei ht and decrease maternal calving

difficulty simultaneously (Table 8).
There is ample evidence to show the correlation of direct effects
fur pre and postweaning gain is positive (Preston and Willis, 1974;
~ldehawariat et al., 1977). Progeny preweaning daily gain expressed
as a trait of its dam is a composite of direct and maternal effects.

Postweaning daily gain of the dam's half-sibs is indicative of direct
effects.

Willham

(1972) suggested a possible negative correlation

of direct and maternal effects on preweaning daily gain.

The negative

estimated genetic correlation of postweaning daily gain of the dam's
half-sibs and her progeny's preweaning daily gain seem supportive of
W111ham's (1972) hypothesis.

The findings reported here appear to be

"

fn

disagreement with the report of Calo et al. (1973).

>'fflong

~lstein-Fresian bulls pedigree selected for milk low but positive
genetic correlations of milk production and average daily gain were
found.

Retail product weight and carcass weight, as would be expected
from the high genetic correlation between them (Koch et al. 1982), had

very similar genetic correlations with the female traits measured
(table 7).

As both retail product weight and carcass weight also had

~sentially equal heritabilities, the predicted correlated responses
(table 6) to selection for either trait are also similar.

The pre-

correlated responses to selection for either retail product
ight or carcass weight are greater in magnitude than those for daily
~in selection due primarily to the higher heritability of the former
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TABLE 8.

CORRELATED RESPONSES IN FEMALE REPRODUCTION AND PRODUCTIVITY
TRAITS TO SELECTION BASED m, GROWTH AND COMPOS IT I ON TRA rrsl.
Selection criteria2 and (standard deviation)

Female traits3
(mean)
AP ( 37 4. )

OG (.126)

cw (16.6)

FT (5.52)

RP ( 6. 77)

3.39

4.16

·-7.22

7.08

WP ( 284.)

1.02

1.16

-5.29

1.29

cs (. 512)

*

.027

.009

.011

GL (283.)

-.203

.073

-.167

.294

CD ( .377)

-.073

-.045

-.051

-.003

BW (31.6)

.498

.643

-.121

.490

MG (.641)

*

*

*

-.Olt

MW(537.)

1.45

5.07

-.220

5.7R

1 Selection •· differential equal pl us one phenotypi c standard deviation.
2 DG = Postweaning daily gain (kg); CW= Carcass weight (kg); FT= Fat
trim from 1/2 carcass (kg); RP = Retai 1 product fro~ 1/2 carcass containing 25% fat (kg).
3 AP= Age at puberty (days); WP= Weight at pu~erty (k~); CS=
Conceptions per service; GL = Gestation length (days) CD= Calving
difficulty (0 = unassisted, 1 = assisted); BW = Birth weight (kg); MG
= Preweaning daily gain of progeny (kg); MW= Average of four weights
taken at 7 years of age.

* Estimated genetic correlation has absolute value greater than 1.0.
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raits.

Sires selected for the increased weight of carcass or retail proof their steer progeny would be expected to have heifer progeny
older and heavier at puberty and have more conceptions per service.

The heifer's gestation length would increase slightly as would calf
birth weight, although she would give birth with less difficulty.

The

inconsistency of a larger calf and yet less calving difficulty,
being explained by the increased size of the female herself.
The notion of selection for decreased fat recently has received
·considerable attention (VanDemark, 1976). While this course of action
more highly desirable carcasses, the genetic correlations

found in this study (table 7) foretell of possible genetic antagonisms.
Females out of sires selected for reduced fat trim of steer progeny
be expected to reach puberty later and at heavier weights, have
conceptions per service and be larger at seven years of age.
data also suggest a longer first gestation with the resultant
born heavier and with greater difficulty.
Shown in table 9 are the correlated responses in daily gain, carcass weight, fat trim weight and retail product weight to selection for
female reproduction and productivity traits.

Selection of females

younger and lighter at puberty would have relatively slight impact on
daily gain and carcass weight and larger effects on fat trim and retail
product weights.

In general then, it appears selection for physiologi-

cally more mature females as indicated by earlier puberty at lighter
weights would lead to more mature male progeny as indicated by carcass

composition.

Use of other traits measured on females in this study as
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TABLE 9.

CORRELATED RESPONSES IN GROWTH AND COMPOSITION TRAITS TO
SELECTION BASED ON REPRODUCTION AND PRODUCTIVITY TRAITS.1

Selection criteria2 and
(standard deviation)

Growth or composition trait3 (mean)
JU>(97.2J
C~(2~5.l
F'T(27.~J

rmn .1u

AP (44.9)

.010

1.47

-.888

1.07

WP (28.8)

.004

.646

-1.01

.304

cs (. 368)

*

1.08

.132

• 205

GL (6.17)

-.004

.181

-.149

.323

CD ( .186)

-.021

-.159

-.656

-.042

BW (3.98)

.016

2.49

-. lfi7

.834

MG ( •202)

*

*

*

-.362

MW (46.9)

.004

1.70

-.259

.835

1 Selectinn differential equals plus one phenotypic standard deviation.
2 AP= Age at puberty (days); WP= Weight at puberty (kg); CS=
Conceptions per service; GL = Gestation length (days) CO= Calving
difficulty (0 = unassisted, 1 = assisted); BW = Birth wei9ht (kg); MG
= Preweaning daily gain of progeny (kg); MW= Average of four weights
taken at 7 years of age.
3 OG = Postweaning daily gain (kg); CW= Carcass weight (kq); FT=
Fat trim for 1/2 carcass (kg); RP= Re~ai1 product containing 25%
fat from 1/2 carcass (kg).

* Estimated genetic correlation has absolute va1ue greater than 1.0.
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election criteria necessitates an increase in the generation interval

correlated responses in the growth traits (daily gain and
weight) should be relatively larger than the correlated

responses in composition.
Table 10 was formulated in an attempt to better assess the
effects of selection for female reproduction and productivity traits on
composition.

As was observed at a constant age, correlated responses

1n fat trim and retail product weights at constant carcass weight to

selection were greatest when the selection criteria was age or weight
puberty.

Correlated responses similar to those found earilier

an age constant basis were observed for selection on the more lowly
traits measured later in life.
The preceeding results document the existence of unfavorable genecorrelations between component traits of female productivity and
progeny carcass value.

Therefore, the concept of specialized sire and

dam lines (Smith, 1964) appears to have some merit in beef production.
Alternatively, selection indexes which incorporate both carcass value
traits and maternal productivity traits provide logical selection
objectives in general purpose populations.

Genetic progress in index

selected general purpose populations would be reduced relative to
progress that can be made from crossing specialized sire and dam lines
(Smith, 1964).

SUMMARY
Genetic correlations were estimated for age at puberty, weight at
puberty, conceptions per service, gestation length, calving difficulty,
progeny birth weight, progeny preweaning daily gain and mature weight

TABLE 10.

Selection
criteria2

CORRELATED RESPONScS IN FAT TRIM (FT) AND RETAIL PRODUCT
(RP) WEIGHTS EXPRESSED AS A FRACTION CF THE CORRELATED
RESPONSE IN CARCASS WEIGHT (CW) OR AT A CONSTANT CARCASS
WEIGHT.

Proportion of CW (hase generation)

FT7CW(.l85J

RP7CW( .65~ J

Constant wei ghtl

FT

RP

AP

.179

.66()

-1.19

.730

WP

.178

.657

-1.14

.155

cs

.186

.655

-.090

-.045

GL

.184

.658

-.186

.281

CD

.182

.659

-.3l9

.326

BW

.183

.656

-.630

.258

MG

*

*

*

*

MW

.183

.658

-.609

.442

1 Average partial regressions for 1/2 carcass weight, fat trim weight
and retail product weight on time on feed were: .669, .276 and .320,
re spec ti ve 1y.
2 AP= Age at puberty (days); WP= Weight at puberty (kq); CS=
Conceptions per service; GL = Gestation length (days) CD= Calving
difficulty (0 = unassisted, 1 = assisted); BW = Birth wei~ht {kq); MG
= Preweaning daily gain of progeny {kg); MW= Average of four weights
taken at 7 years of age.

* An estimated genetic correlation necessary for calculation of the
table entry had absolute value greater than 1.0.
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1easured on females, with postweaning daily gain, carcass weight, fat
Correlations of the female traits with postweaning daily Jain, carcass
weight, and retail product weight generally were similar to each other.
Correlations of fat trim weight with the female traits were similar in
magnitude and opposite in sign to those with postweaning daily gain,
carcass weight, and retail product weight.

Selection for postweaning

daily gain would result in increased age and weight at puberty,

improved fertility, reductions in gestation length, calving difficulty,
increased progeny birth weights, and mature weight.

Selection for

reduced fat trim woold likewise increase the age and weight at puberty,
fertility would be reduced, gestation length, birth weight and calving
difficulty would all be increased as would mature weight.

Correlated

responses in the female .. traits to selection for carcass weight or
retail product weight would be similar to each other, greater in magnitude and in the same direction as correlated responses to selection on
average daily gain.
Selection for the reproduction and productivity traits measured on
females would result in correlated responses in age constant growth and
carcass traits measured on males similar to the results that would be
anticipated from when selection was applied on male traits.

Similar

correlated responses in retail product and fat trim weights as a
percentage of carcass weight or with a linear adjustment to constant
carcass weight were also predicted.
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GENETIC CORRELATIONS AMONG SEX-LIMITED TRAITS
VI. POSTSCRIPT
Chapter two only begins the work that needs to be done in examination of the techniques for estimation of correlations among sex limited
traits.

There are a myriad of combinations of numbers of sires, num-

bers of progeny per sire, levels of heritability and levels of genetic
correlation that warrant examination.

Only then will much really be

known about the generality or specificity of these techniques.
Additionally, nothing much is known about the sampling variances of
these estimates of the genetic correlation.

Perhaps, the sampling

variances can be derived exactly (or approximately) in theory.
However, use of the Monte Carlo simulation technique (e.g., Van Vleck
and Henderson·, 19ol) creating many replicate sets of data with known
properties and empirical calculation of the sampling variances might be
more expedient.

With the knowledge gained in these simulation efforts,

it should be possible to design more efficient experiments for parameter estimation.
Like chapter two, chapter three is a beginning rather than an end.
There are a great many more traits of interest.

Those chosen here,

hopefully, have some biological relevance and begin to illustrate a set
of genetic antagonisms between directional shifts in body composition
and reproductive fitness.

This result is not all that surpising in

view of similar patterns among breeds.
The pooling of estimates over breeds has been bothersome.

Do

those breeds really constitute samples of some larger population?
Alternatively, are the within breed heritabilities and genetic

42

correlations really similar only for those breeds of the same
"biological type"?

If so, how are "biological types" defined (or which

estimates should be pooled)?
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C **********************************************************************
C *** THIS PROGRAM CREATES DATASETS OF SIMULATED PROGOIY OF
***
C *** THIRTY SIRES. THE BETWEEN SIRF VARIANCE-COVARIANCE
***
C *** MATRIX IS:
2.500
2.44 ·
0.866
***
C ***
3.750
2.652
***
C ***
7 • 500
-k**
C *** VARIOUS LEVELS OF HERITABILITY FOR EACH OF ™E TRAITS
***
C *** (DATASETS) CAN BE IMPLIMENTED BY MODIFYING THE ARRAY SD.
***
C **********************************************************************
DIMENSIOtl T(3,3) ,R(3) ,S(3) ,N(3) ,FIX(3) ,S0(3)
DATA T/l.58114,1.54888,.54771,0.0,l.16231,1.5517~,0.0,0.0,2.18905/
DATA FIX/-20.0,0.0,20.0,-7.0,7.0,0.0,10.0,-3.0,-7.0/
DATA SD/6.8920,8.4410,11.9373/
READ{5,*)IX
DO 10 I=l, 30
D05J=l,3
CALL tAUSS{IX,1.0,0.0,R(J))
5 N(J)=ABS(MOD(IX,19))+6
DO 6 K=l,3
S{K)=O.O
D06J=l,3
6 S(K)=T(K,J)*R(J)+S(K)
WRITE(6,l)l,(N(K),S(K),K=l,3)
1 FORMAT(' ',14,3X,3(12,3X,F6.2,2X))
DO 10 II=l,3
IDIV = 3 •
IF(II.EQ.2)IDIV=2
N~J=II+6
NUM=N(Il)
0 0 10 JJ =1 , NUM
CALL GAUSS(IX,SD(II),0.0,VE)
IXX=IX/10
IFX=MOD(IXX,IOIV)+l
X=lOO.O+S(II)+FIX(IFX,lI)+VE
M=X*l00+.5015
C **********************************************************************
C *** OUTPUT IS WRITTEN TO UNITS 7,8 AND 9 FOR TRAITS 1,2 AND 3.
-k**
C *** OUTPUT FORMAT IS:
COLUMNS
N CF DECIMALS
***
C ***
SIRE I. D.
1-5
0
***
C ***
PROGEMY /SIRE
6-10
0
-k**
C ***
TRAIT NO.
11-15
0
-k**
C ***
FIXED EFFECT
16-20
0
-k**
C ***
PHENOTYPE
21-28
2
-k**
C **********************************************************************
WRITE(NN,2)I,JJ,II,IFX,M
2 FORMAT (4 I 5 , I8 )
10 CONTINUE

END FILE 7
END FILE 8
END FILE 9
STOP
END
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C **********************************************************************
C *** THIS PROGRAM PERFORMS THE C()1PUTATIONS Fffi RESTRICTED
***
C *** MAXIMUM LIKELIHOOD ESTIMATION FOR SIRE VARIANCE AND
***
C *** COVARIANCE COMPONENTS.
***
C **********************************************************************
0 IM ENS I ON PI ( 3) , VE ( 2), VS (4) , XX ( 70, 70) , RHS ( 70 )-, SS (2) , RN ( 2) ,
1XMX(70,70),RHSM(70),X(4),TRD(4),TRZZD(2),R1(2),SOLU(70),
2VS 1( 4) , VE 1 ( 2)
REAL*8 XMX,RHSM,SOLU
DATA XX/4900*0 .0/ ,RHS/70*0.0/ ,SS/2*0. Cl/ ,RM/2*0.0/,
lVEl/2*0.0/,VSl/4*0.0/
C **********************************************************************
C *** READ INITIAL VALUES
***
C **********************************************************************
REA0(5,*)PI(l),PI(2),NS,NIT,IOPT
PI(3)=0
READ(S,*)(VE(I),I=l,2)
READ(5,*)(VS(I),I=l,4)
l=O
J=l
C **********************************************************************
C *** SETUP ORDINARY LEAST SQUARES EOUATIONS FOR MULTIPLE TRAITS
***
C **********************************************************************
3 READ(2,2,END=5)IS,IF,Y
2 FORMAT(I5,10X,15,F8.2)
IS=IS+PI(J)+PI(J+l)+I
IF(J.EQ.2)IF=IF+Pl(J-1)
XX(IF,IF)=XX(IF,IF)+l.O
XX(IF,IS)=XX(IF,IS)+l.O
XX(IS,IF)=XX(IS,IF)+l.O
XX(IS,IS)=XX(IS,IS)+l.O
RHS(IF)=RHS(IF)+Y
RHS(IS)=RHS(IS)+Y
SS(J)=SS(J)+Y**2
RN(J )=RN(J )+1.0
GOTO 3
5 IF(I.NE.O)GOTO 10
IF(IOPT.NE.l)GOTO 6
8 REA0(2,2,END=6)1S,IF,Y
GOTO 8
fi l=PI ( l)+tJS
J=2
GOTO 3
10 IS=2*NS+Pl(l)+PI(2)
C **********************************************************************
C *** OUTPUT OLS EQUATIONS, SUMS OF SQUARES AND COUNTS
***
C **********************************************************************
WRITE ( 6, 1000)

1000 FORMAT(' 1 THE ORDINARY LEAST SQUARES EQUATIONS ARE:')
WRITE(6,100l)((XX(I,J),J=I,IS),I=l,1S)
1001 FORMAT ( ' ' ,8F10 .1)
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WRITE(6,1002)
1002 FORMAT(' ',3(/),' THE RIGHT HAND SIDES FOR THESE E0UATIONS ARE:')
WRITE(6,1003)(RHS(I),1=1,IS)
10 3 FORMAT(' ',8F16 .4)
DO 7 1=1,2
7 WRITE(6,1004)I,SS(I),I,RN(I)
1004 FORMAT('O TOTAL SUM OF SQUARES FOR TRAIT' ,Il,' = ',Fl6.4,' THE C
lOUNT FOR TRAIT' ,11,' = 1 ,F6.0)
C **********************************************************************
C *** START OF ITERATION LOOP
***
C **********************************************************************
DO 200 IT=l,NIT
CALL INV(VS)
DO 15 1=1,2
TRD( I)=O. 0
TRD(I+2)=0.0
15 TR ZZD( I)= 0 • 0
C **********************************************************************
C *** cmJVERSION OF Cl.S EOUATIONS TO MULTIPLE TRAIT MIXED MOOEL
***
C *** EQUATIONS
***
C **********************************************************************
NLF=PI {1 )+PI (2)
NL=NLF+NS
INC=Pl(l)+PI(2)+2*NS
-DO 22 I=l, INC
TH=l. 0/VE (1)
IF ( I • GT.PI ( 1) •AND. I. LE. ~-JLF. OR. I. GT. NL) TH= 1. 0 /VE ( 2)
DO 20 J = 1 , I NC
20 XMX(I,J)=TH*XX(I,J)
22 RHSM{I)=TH*RHS(I)
DO 100 I=l, NS
Il=I+PI (1 )+PI (2)
I 2=Il+NS
XMX{Il,Il)=XMX(Il,Il)+VS{l)
XMX{Il,I2)=XMX(Il,I2)+VS(2)
XMX{I2,ll)=XMX{I2,Il)+VS{3)
XMX{I2,I2)=XMX{I2,I2)+VS(4)
C **********************************************************************
C *** CALCULATE TRACES
***
C **********************************************************************
X(l)=XMX(Il,11)
X{2)=XMX(Il,I2)
X{3)=XMX{I2,Il)
X( 4) = XMX {I 2, I 2)
CALL INV(X)
TRD(l)=TRD(l)+X(l)
TRD(2)=TRD(2)+X(2)
TRD(3)=TRD{3)+X(3)
TRD(4)=TRD(4)+X(4)
TRZZD(l)=TRZZD(l)+XX{Il,Il)*X{l)
TRZZD (2)=TRZZD(2)+XX(I2,I2)*X(4)

100 CONTINUE
C **********************************************************************
C *** OUTPUT TRACES AND MULTIPLE TRAIT MIXED MO"EL EQUATIONS
***
C ********************************************* k***********************
WRITE ( 6, 1007)
1007 FORMAT(' OTRACES OF D AND ZZ+G')
WRITE(6,1008)(TRD(L),L=l,4),TRZZD(l),TRZZ0(2)
1 OOR FOR MAT ( ' ' , 6Fl 6. 6)
~/RITE ( 6, 1009)
1009 FORMAT( 'OTHE MULTIPLE TRAIT MIXED MODEL EOUATIOMS ARE:')
WRITE(6,1010)(XMX(I,J),J=I,IS),I=l,IS)
1010 FORMAT ( ' ' 8 F 16 •8 )
WRITE (6, 1011)
1011 FORMAT( 'OTHE RIGHT HAND SIDES FOR THESE EnUATIONS ARE:')
WRITE(6,1010)(RHSM(I),I=l,IS)
C **********************************************************************
C *** SOL VE MULTIPLE TRAIT MIXED MODEL EQUATIONS AND OUTPUT RE SUL TS ***
C **********************************************************************
CALL SOLVE(XMX,RHSM,INC,SOLU,NLF)
WRITE (6, 1005)
1005 FORMAT( 'OTHE SOLUTIONS TO THE MULTIPLE TRAIT MIXED MODEL E()UATIONS
lARE: I)
WRITE(6,1006)(SOLU(L),L=l,INC)
1006 FORMAT(' ',8Fl0.5)
C **********************************************************************
C *** CALCULATE SUMS OF SQUARES AND CROSSPROOUCTS OF ntE SOLUTIONS
-Irk*
C **********************************************************************
DO 105 I=l,2
Rl ( l)=O. 0
VEl ( I)=VE ( I)
VSl(l)=VS(I)
VS1(I+2)=VS(I+2)
VE ( I)=O. 0
VS( I)=O.O
VS(I+2)=0.0
105 CONTI NIJE
DO 120 I=l, NS
Il=I+PI (l)+PI (2)
I2=Il+NS
VS(l)=VS(l)+SOLU(I1)**2
VS(2)=VS(2)+SOLU(Il)*SOLU(I2)
VS(4)=VS(4)+SOLU(I2)**2
120 CONTI ~JUE
VS(3)=VS(2)
C **********************************************************************
C *** CALCULATE VARIAMCE AND COVARIMICE COMPOMEtff ESTIMATES
***
C **********************************************************************
Il=PI (1 )+NS
I2=Pl(2)+NS
no 130 I=l, n
J=I
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IF(I.GT.PI(l))J=J+PI(2)
130 Rl(l)=Rl(l)+RHS(J)*SOLU(J)
DO 140 I= 1 , I 2
J =I +PI ( 1)
I F( I • GT •PI (2 ) )J =J +NS
140 R1(2)=Rl(2)+RHS{J)*SOLU(J)
VE(l)=(SS(l)-Rl(l)+TRZZD(l))/(RN(l)-PI(l))
VE(2)={SS(2)-R1(2)+TRZZD{2))/(RN(2)-PI(2))
DO 160 I=l ,4
160 VS(l)={VS(l)+TRD(I))/FLOAT(NS)
C **********************************************************************
C *** OUTPUT ESTIMATED COMPONDJTS
***
C **********************************************************************
WRITE (6, 1013)
1013 FORMAT('OESTIMATED ERROR VARIANCE COMPONENTS')
WRITE(6,*)VE
WRITE (6, 1012)
1012 FORMAT( OESTIMA.TED SIRE VARIANCE AND COVARIANCE COMPONENTS
WRITE(6,*)VS
C **********************************************************************
C *** RELAXATION OF SIRE VARIANCE AND COVARIANCE COMPONENTS TO
***
C *** SPEED CONVERGENCE
***
C **********************************************************************
DO 200 I=l ,2
VS(I)=VS(I)+0.8*(VS{I)-VS1(1))
VS(I+2)=VS{I+2)+0.8*(VS(I+2)-VS1(1+2))
200 CONT! NUE
C **********************************************************************
C *** END OF ITERATION LOOP
***
C **********************************************************************
STOP
END
C **********************************************************************
C *** SUBROUTINE TO SOLVE A SYSTEM CF INDEPENDENT SIMULTANEOUS
***
C *** EOUATI ONS. THE NUMBER OF EOUATIONS SHOULD BE LESS THAM 71.
***
C **********************************************************************
SUBROUTINE SOLVE(XMX,RHSM,INC,SOLU,NLF)
REAL*8 XMX,SOLU,RHSM
DIMENSION XMX{70,70),RHSM(70),SOLU(70)
oo 10 I= 1 , me
SOLU(I)=O.O
10 IF(INC.LE.NLF)SOLU(I)=RHSM(I)/XMX{I,I)
DO 20 K=l,20
DO 14 I= 1 , I NC
SUM=O.O
DO 12 J=l, me
12 IF(J.NE.I)SUM=SUM+XMX{I,J)*SOLU(J)
14 SOLU(I)={RHSM(I)-SUM)/XMX{I,I)
20 CONTINUE
RETURN
1

1

)

END

C **********************************************************************
C *** SUBROUTINE TO INVERT A MATRIX OF RANK TWO ST0REO AS A ONE
***
C *** DIMENSIONP ' ARRAY
***
C *************i ·*******************************************************
SUBROUTINE INV(X)
REAL*4 X,DET,HOLD
DI MENS ION X( 4)
DET=X(l)*X(4)-X(2)*X(3)
HOLO=X {1)
X (l)=X(4)
X ( 4 )=HOLD
X(2)=-X(2)
X(3)=-X(3)
no 1 I=l,4
1 X( I)= X( I) /0 ET

RETURN
END

